Study Design. Prospective cohort study. Objective. To evaluate if degenerative disc-related back or neck pain and/or radicular symptoms are caused by infection with low virulent bacterial organisms. Summary of Background Data. The potential relationship between disc infection and disc degeneration-related symptoms remains controversial, with contradictory evidence available in the literature. Several studies have demonstrated the presence of infected extruded nucleus tissue from first-time disc herniation, implicating the role of disc microbial infection in disc degeneration. The current study is a pilot study evaluating if high infection rates are prevalent in the Australian degenerate disc cohort. Methods. Institutional ethics approval was obtained (HREC 13/ 218). The pilot project was a single spine center prospective cohort of patients undergoing spine surgery for degenerate disc disease. In each case, disc material was obtained and prolonged aerobic and anaerobic cultures performed as per methods used by Stirling et al. Results. To date, a total of 168 patients have been enrolled, with male: female ¼ 1:1. Surgical caseload includes 17.9% anterior cervical fusion, 35.0% anterior lumbar fusion, 40.7% lumbar discectomy, and 5.7% posterior lumbar fusions; 34.1% patients presented with neck pain, 31.6% with arm pain, 59.3% with leg pain, and 64.2% with back pain, and 20.2% of the patients received transforaminal or epidural or facet joint injections prior to surgery. In this pilot study, 19.6% were culture positive, with P. acnes predominant in 50%. Disc-only cultures were positive in 27.8% of lumbar cases and 18.5% of cervical cases, with predominant organisms being P. acnes. Conclusion. Similar to the infection rates from previous studies, this Australian cohort had 19.6% infection rates when disc-only cultures are performed. P. acnes is the predominant organism followed by Streptococcus sp. It is imperative to perform contaminant controls as such high infection with skin bugs is a significant finding.
D
egeneration of intervertebral disc, although related to aging, can be pathological and lead to discogenic back pain, prolapsed disc causing radicular pain, and further accelerated spondylosis. Risk factors for degeneration include age, hereditary, smoking, and mechanical causes including lifting heavy weights. 1 Correlation between magnetic resonance imaging (MRI) scan findings of degenerate disc and back pain is poor although a few features like Modic changes (MC) can be suggestive. 1, 2 Radicular symptoms are often related to the prolapsed disc compressing on the nerve root; however, it is not uncommon to find discrepancy between degree of prolapsed disc and pain severity. This discrepancy likely is related to the inflammatory cytokines sensitizing the nerve root to compression. 3, 4 Another possible cause could be lowgrade infection.
Albert et al 5 conducted a randomized control trial of antibiotics in lower back pain patients and concluded that discogenic back pain is caused by low-grade infection by pathogenic bacteria, mostly Propionibacterium acnes (P. acnes). Their claim is not completely definitive as such an inference is based on studies that are not powered enough and in most of these studies, no consideration is given to contamination and contaminant control is missing. Also for
METHODS
Institutional ethics approval was obtained (HREC 13/218). This pilot project was a single spine center prospective cohort of patients undergoing spine surgery for degenerate disc disease. All patients undergoing discectomy (cervical/ thoracic/lumbar) whether as microdiscectomy for radicular symptoms or a part of interbody fusion were eligible to participate at the participating centers (Prince of Wales Public and Private Hospital, Sydney, Australia). Patients who consent for the study underwent spine surgery as deemed appropriate by the respective spine surgeon.
Specimen Collection and Transport
At the time of surgery, the disc removed as a part of the surgery was collected in a strict aseptic manner. The specimen was handled by instruments only and by a fresh instrument to minimize contamination. The samples were immediately transferred onto sterile pot and lid closed immediately. Antibiotic wash (if used by surgeons) was used only after the specimen was obtained. These samples were sent to microbiology department for aerobic and anaerobic cultures as fresh specimen. All the participating pathology centers handle the specimen within 1 hour of receipt of specimen. Perioperative antibiotics were not withheld as it was deemed unethical as it has been proven to protect against surgical site infection.
Culture Methods
Each sample was plated under a class II laminar flow cabinet on four culture media: 
Statistical Analysis
Descriptive statistics were expressed as means and standard deviations. In addition to descriptive statistics outlining infection and contamination rates, generalized linear models with univariate analysis were performed to determine any association between baseline characteristics or operational parameter with infection rate outcome (calculated using SPSS [ver 22.0 Armonk, IBM Corp., NY]). Probabilities of <0.05 were considered significant in the models.
RESULTS
To date, a total of 168 patients have been enrolled, including 84 males and 84 females with mean age 56.6 AE 19.3 years (Table 1) ; 34.1% patients presented with neck pain, 31.6% patients with arm pain, 59.3% patients with leg pain, and 64.2% patients with back pain. Mean visual analogue scale (VAS) for neck pain was 7.0 AE 1.7 and for back pain was 7.3 AE 2.0; 5.3% patients had diabetes and 14.7% patients were smokers, and 20.2% of the patients received transforaminal or epidural or facet joint injections prior to surgery. There were 16.1% who had previous surgery at the same level.
Spine surgeries were grouped into four categories. The distribution included 17.9% anterior cervical fusion, 35.0% anterior lumbar fusion, 40.7% lumbar discectomy, and 5.7% posterior lumbar fusions. The commonest level of surgery was L4/L5-32.9% followed by L5/S1 level (31.1%) and C5/6 was the next commonly operated level (11.8%).
MC (Table 2) were present in the majority of patients (62.8%). Of these, type 2 and type 1 were equally frequent (27.5%). Patients undergoing cervical operations were less likely to demonstrate MC while those undergoing lumbar surgery frequently had type 2 changes. There were no statistically significant associations between MC and age (P ¼ 0.394) and type of surgery (P ¼ 0.243).
In disc cultures (Table 3 , Figure 1 ), pathologic organisms were positive in 19.6% with P. acnes being the culprit in 11.3% while Staphylococcus group was present in 4.2%. Single organism was commonly isolated (17.3%) and two organisms in 1.8% of cases.
In cervical cases, the disc cultures were positive in 25.7% with predominant organism P. acnes. In lumbar cases, there were 18.5% culture positive with predominant organism P. acnes.
There was a statistically significant association between positive culture and prior surgeries (P < 0.001) and having multilevel surgery (P ¼ 0.031). However, there was no association between positive culture and type of surgery (P ¼ 0.514), diabetes status (P ¼ 0.830), smoking (P ¼ 0.466), immunotherapy (P ¼ 0.954), arm pain (P ¼ 0.909), neck pain (P ¼ 0.502), back pain (P ¼ 0.547), leg pain (P ¼ 0.370), and facet/transforaminal/epidural injections (P ¼ 0.272).
DISCUSSION
Chronic lower back pain is difficult to diagnose based on specific pathoanatomical cause 6 and there are several pathologies like disc degeneration, facet joint disease, spinal
CLINICAL CASE SERIES
Degenerate-disc Infection Study With Contaminant Control Rao et al stenosis, osteoporotic or traumatic fracture, and others that can lead to low back pain. 7 One of the common but controversial causes is disc degeneration and its role in back pain and sciatica. Many theories have been proposed as to the etiology of disc degeneration: mechanical, chemical, and recently bacterial. 1, 8, 9 The organisms implicated are low virulent organisms like P. acnes which generally reside as skin commensals. Possible mechanisms as to their involvement include regular bacteremia from brushing, bowel movements, and others, 10 and the fact that the nucleus pulposus lacks vascular supply and the necrotic tissue due to degeneration is a good medium for proliferation of organisms. 5 Over the last few years, there are multiple studies implicating infection as the cause for several degenerate spine conditions including sciatica, neck pain, and back pain. An Australian cohort study has not been previously been reported. In our pilot study, we found similar results as the rest of the studies which favor the disc infection hypothesis. In our study, there was 19.6% positive culture with P. acnes predominant (11.3%), replicating results of other studies. 8, 11, 12 An unexpected result of high positive culture in cervical discectomies (27.8%) was found as compared to lumbar cases (18.5%). This contradicts the theory behind disc degeneration as lumbar disc degeneration is more common than cervical and hence if infection was the etiology for symptoms lumbar disc should be more positive. As cervical disc is closer to the skin margin, maybe there is a higher risk for contamination. This is the first study to look at all the spine cases with degenerative discs including lumbar and cervical.
In our analysis, we also found that positive cultures were significantly associated with prior surgery and multilevel surgery, but not arm, neck, back, or leg pain. These trends do not support the theory that degenerative disc disease is infective in origin.
Stirling et al 8 found 31% incidence of enzyme-linked immunosorbent assay positive for IgG for lipid S antigen of gram-positive organisms in sciatica control patients in a study of spondylodiscitis. This was followed by a study looking at disc cultures positive (53%) in sciatica patients. The organism isolated was low virulent particularly P. acnes (84%) and coagulase negative Staphylococcus. These cultures were compared to control disc cultures in patients undergoing discectomy for nondegenerate conditions like scoliosis, trauma, and tumour, and there were no positive culture results. The authors concluded that sciatica might be related to infection from low virulent organisms and previously not reported as they needed longer duration of culture (7-14 days). The study only had 36 patients in study group and 14 patients as controls and no contaminant controls for the disc cultures. Similar results were found from the same authors in 2002 in 62 patients with sciatica. 9 Agarwal et al 11 confirmed the findings in 52 patients with sciatica but the authors found a lower rate of 19% culture positivity, with P. acnes again found predominantly in 70% of cases. All these cases presented with sciatica with MRI confirmation of single-level herniated nucleus pulposus and in immunocompetent patients. No special cultures were used and no contaminant controls were used. Other organisms found were Peptostreptococcus, Staphylococcus sp.
Arndt et al 12 found 47% incidence of disc culture positivity but in discogenic back pain patients (no sciatica). Eighty-three patients undergoing lumbar disc replacement had disc culture as well as histopathology examination of the specimen (in 21 discs). In fact 49 patients had discography prior to surgery. P. acnes although was most common it was less prevalent (35%) than in other studies, and Staphylococcus group was next commonly isolated at 31%.
High incidence of low virulent bacteria in lumbar disc prolapses (71%) but also in cervical discectomies (59%) was presented by Corsia and Denys. 13 Although initially the infective etiology was thought to be specific for sciatica patients, the above two studies and our study found similar results in back and neck pain, which creates ambiguity.
Carricajo et al 14 conducted a study in sciatica patients to rule out contamination as a contributor to positive disc culture. A surprising 14.8% of paraspinal tissue was positive for bacteria as was air cultures (4/4) from the operative theater during surgery. The disc cultures were positive in 7.5% cases only and in all of them the paraspinal tissue was also positive. The authors conclude that positive growth in disc cultures was a result of contamination rather than true infection.
Contamination from skin commensals during spine surgery is as high as 21.5% in tissues and 16.5% in washings 15 in specimens obtained during surgery. Ben-Galim et al 16 showed that the culture positivity was low if strict aseptic precautions were taken. In this study, the surgeon directly cultured the specimen onto aerobic and anaerobic cultures in the theater, minimizing contamination.
Isolating low virulent organisms like P. acnes is not unique to disc degeneration only. Hip joints obtained at revision arthroplasty have grown at a similar rate (22%) and similar organisms P. acnes (62%) and Staphylococcus sp. in 26.9%. 17 Similarly in prostatic biopsy samples 66% were found to grow bacteria with P . acnes positive in 35% and Staphylococcus sp. in 18%. Unlike Helicobacter pylori and its association with gastritis P. acnes growth is nonspecific in low back pain-related disc culture. It is present in paraspinal tissue culture, disc culture, prostate biopsy, surgical wound washings, operating theater air sample, etc. Likelihood is they are all contaminants and hence present in a diverse range of pathologies in very similar numbers. However, if these claims are true, there are significant clinical implications for management of back pain.
LIMITATIONS
This pilot study limitation includes the fact that there are no contaminant controls. We wondered if using perioperative antibiotics would affect disc cultures. We did use them as we felt it was unethical to withhold antibiotics as they are proven to prevent surgical site infections. Other studies that found high degree of infection had used them and this did not affect the culture results. 12 Other methods of confirming the contamination need to be explored. Future studies should evaluate the influence of contamination, including further attempts at minimization of contamination during specimen collection as well as the use of culture samples and positive and negative controls. The degenerative disc infection study with contamination control (DISC) 18 is currently being performed to evaluate true disc infection rates and relationship with degenerative disc-related back or neck pain and radicular symptoms. This study includes patients undergoing discectomy for degenerative disc pathology and controls being patients undergoing discectomy for nondegenerative pathology such as trauma, scoliosis, or tumor. In each case, disc material and paraspinal tissue are obtained, and true disc positivity is inferred if the culture of disc is positive and the paraspinal tissue sample is negative. 18 Other avenues of investigation include histopathological evaluation of collected disc samples.
CONCLUSION
Similar to the infection rates from previous studies, the Australian cohort has 19.6% infection rates when disc-only cultures are performed. P. acnes is the predominant organism followed by Streptococcus sp. It is imperative to perform contaminant controls as such high infection with skin organisms is a significant finding. If true could be a major breakthrough in back pain management or likely indicative of contamination. 
Key Points
The potential relationship between disc infection and disc degeneration-related symptoms remains controversial with contradictory evidence available in the literature. The pilot project was a single spine center prospective cohort of patients undergoing spine surgery for degenerate disc disease. From 168 patients enrolled, 19.6% were culture positive, with P. acnes predominant in 50%. Disconly cultures were positive in 27.8% of lumbar cases and 18.5% of cervical cases. It is imperative to perform contaminant controls as such high infection with skin bugs is a significant finding.
